Introduction
There is a growing literature on the relationship between sustainability, transport and related policy. The policy theme of sustainability and social equity is one of three that Button and Nijkamp (1997:216) advocate as a means of making the complex issues of modern transport and mobility more tractable, the other two being the need for competitive efficiency and geographical accessibility. Sustainability is one of five research themes related to contemporary transport problems in Europe and North America, as identified at a meeting between the National Science Foundation and the European Science Foundation (Leinbach and Smith, 1997, in Black, 1997 ). Gudmundsson Email: p.upham@mmu.ac.uk and Höjer (1996) consider transport in relation to sustainable development principles and challenge prevailing thinking that assumes a net benefit to on-going expansion of transport (ibid. 281). With regard to the US, Black (1996) has concluded that little has been done to address the issue at the level of national policy, and advocates a concerted international effort to stimulate hydrogen-fuelled transport systems (ibid. 159).
For the European Union, ''sustainable mobility'' is an overarching objective of the 1998-2004 Action Programme for Transport (European Commission, 1998) . The European Commission considers that an ''indefinite continuation of current trends in transport in certain modes (road, air) would be unsustainable in relation to its environmental impact, in particular as regards climate change'' (European Commission, 1998:6) . The Commission expresses commitment to the development of ''sustainable forms of transport'' (ibid.), and, more explicitly, recommends that attention be given to ways of reducing the association of economic growth and increased transport activity (European Commission, 1998:9) .
In terms of the UK policy context, the Government White Paper (pre-proposal for law) A New Deal for Transport-Better for Everyone (DETR, 1998) , which sets a framework for future transport policy, also expresses a commitment to a 'sustainable' transport system. The UK Department of Environment, Transport and the Regions (DETR) defines this as one that supports employment, a strong economy, increases prosperity, addresses social exclusion, does not damage human health and provides a better quality of life for all now and in the future (ibid.). This paper compares relatively strong (Turner, 1993) environmental sustainability theory with the main thrust of EU and UK policy for airports, and with what EU airports are actually doing in relation to sustainability and environmental protection. In some respects it complements the critique of airline behaviour and related government policy by Graham and Guyer (1999) , particularly the deliberate saturation of key airports with frequent flights in an attempt to exclude competitors (ibid. 176). The type of airport to which the paper refers are those with scheduled commercial services, typically with 24 hour and 365 day per year operations.
The study is based on the five major European airports for which English language environmental reports were available, and uses Manchester Airport as a detailed case study. The five airports are among the 25 busiest in Europe. Their 1999 air traffic movements range from 458 270 at London Heathrow (ranking 21st busiest airport in the world out of a total of 839 airports monitored by the industry representative body Airports Council International) to 155 080 movements at London Stansted (ranking 116th busiest in the world) (ACI, 2000) . In revealing the disjunction between environmental sustainability theory and actual policy and practice, the paper illustrates the on-going priority given to the social and economic benefits of airports, over environmental protection. This serves as a reminder that while policy references to sustainability are welcome for the shift in thinking they represent, they do not necessarily imply a policy commitment to reducing environmental impact at the expense of forgoing the benefits of development.
Relating sustainability theory to individual enterprises

Defining sustainability
The following discussion is summarised in Figure 1 . In narrow terms, sustainability is the maintenance of important environmental functions (Ekins and Simon, 1999) for present and future generations. At a more detailed level, however, there is a range of sustainability principles defined from a variety of disciplinary and political perspectives (Upham, 1999) , and an even wider range of prose definitions of sustainable development (Pearce, 1989) . For Kidd (1992) the search for a single definition of sustainable development is misleading because the concept has a variety of political and scientific roots. Sustainable development is also to some extent a rhetorical concept (Upham, ibid.) , in the sense of being a discursive strategy used for persuasion (Schuster and Yeo, 1986) . Despite being successfully popularised by the Brundtland Commission (WCED, 1987) , sustainable development has no precise or single meaning, but is a general and benign aspiration to which all can commit, namely the integration of environmental, social and economic concerns. In practice, these concerns may not be mutually supporting and their integration may involve contentious trade-offs.
Defining and indicating sustainability will always be a value-laden process, however extensively scientific knowledge is used. It requires choices as to which natural and social features are to be sustained, and in what form. This can be seen when expressing two core principles of sustainability (Upham, ibid.) : that waste assimilation capacity and environmental regeneration capacity are not exceeded. The second law of thermodynamics implies (but does not state) that human activity inevitably entails that lowered-grade material, normally referred to as waste, is produced alongside intended products and services (GeorgescueRoegen, 1971) .
1 It also implies that products and infrastructure inevitably wear out, dissipate and require replacing. The waste associated with economic activity has physical dimensions that will typically displace habitat if solid, or will place some degree of strain on natural regenerative cycles if liquid or gaseous. In addition, economic activity typically occupies space that was at some time the habitat of some other creature-whether at the extractive, constructive or disposal stage of associated product/process life cycles. The extent of the impact will generally be proportional to the quantity and toxicity of the waste, and to the sensitivity of the receiving ecosystem.
There are, of course, ways of mitigating waste generation and habitat loss. Generally, these involve re-use, recycling and the use of fuels and materials obtained from renewable sources. Nevertheless, waste and hence environmental damage cannot be wholly avoided through the life cycle of a product or service, so long as production takes place within the Earth's biosphere 2 (Upham, 1999) . A particular instance of such environmental loss, damage or stress may be globally sustainable, but it will nevertheless remain an instance of local environmental loss, damage or stress. Whether this constitutes a local contravention of the assimilative or regenerative principles of sustainability depends 2 It should be remembered that, geologically speaking, it is nearterm sustainability that is in question here. Over geological time-scales, Earth has been subject to on-going and catastrophic change (Huggett, 1997; Spray et al., 1998) , and ultimately Earth will not survive the expansive demise of the Sun. upon what environmental features, services or level of environmental quality are thought to require sustaining. For example, habitat occupied by an airport expansion may be capable of approximate recreation elsewhere, and its loss may be globally sustainable, but the original habitat cannot assimilate concrete or regenerate under a tight mowing regime or concrete, such that the expansion is locally unsustainable.
Allocating environmental consumption shares
In addition to the need to define exactly what is to be sustained, expressing the concept of local, global or national environmental sustainability requires protocols for relating the condition of critical environmental features to a discrete enterprise (or economic sector). These protocols would define the proportion and hence level of environmental consumption permitted to the enterprise. Even if corresponding critical thresholds are known, without an allocation or permit protocol it can at best be said that a single airport has consumed some small proportion of the total distance to those thresholds. It cannot meaningfully be said that the airport, or even aviation, is sustainable or unsustainable, because there are also many other enterprises, from whose consumption the airport cannot meaningfully be isolated if we are considering the sustainability of the global habitat.
Developing and applying allocation protocols for environmental consumption permissible by airports or aviation remains to be achieved. Currently, major airports typically operate under local noise, air and surface water quality limits, but tend to be less restricted in terms of inputs (land and materials) and solid waste output. Moreover, local environmental quality limits are not as stringent as input/output limits, because they permit construction of extensive mitigation work on site to manage the local impacts of growth. Mitigation work effectively shifts some of the local impact to different times and spaces. Resources are extracted and used in the construction of mitigation infrastructure components brought to the airport. The infrastructure (e.g. settling reservoirs) then displaces habitat on the airport site, if this has not already been cleared. Finally, the infrastructure will need to be disposed of (preferably recycled) on-or off-site. Monitoring quantities of selected resource inputs and waste outputs to and from the airport, preferably on a life cycle basis in so far as information permits, and relating these to allocated levels, would provide more comprehensive environmental sustainability indicators than knowledge of ambient environmental quality alone.
Relating actual consumption to allocated shares, rather than simply using consumption itself as an indicator, is necessary because operationalising sustainability requires thinking in terms of limits, quotas and thresholds. Sustainability involves limits because it implies an opposite state of unsustainability-that at some point an enterprise can be unsustainable. The eco-efficiency concept that larger businesses are now accepting also implies its opposite, eco-inefficiency. However, while eco-inefficiency is considered undesirable, it is not necessarily considered threatening to global life-support (though inefficiencies in aggregate may actually be so). In contrast, unsustainability is a state relating to cessation: whatever should have been sustained has not been, and some threshold or limit has been passed.
This said, setting wholly reliable limits for global environmental sustainability is precluded (Tyteca, 1999) because we have insufficient ecological understanding to relate ecological system values to specific scales and limits (Gudmundsson and Höjer, 1996) . We cannot be certain which system components are critical, or what their critical levels of functioning are. In this light, it is notable that the advisory UK Round Table on Sustainable  Development ( 1996) , despite its remit to define a sustainable transport sector and an emphasis on the need for transport impacts to be brought within critical ecological and public health levels, does not define what these levels are. Any allocation protocols and hence consumption and emission limits that may be chosen and justified for airports or airlines will have only a provisional relationship to actual requirements for sustainability.
Indicating movement to or from sustainability
There is much theoretical work to be done before the environmental sustainability of an airport can be characterised in terms that provide targets to work to in the above sense. For the time being, however, it should at least be possible to widely agree that generally the use of more of the same material for the same purpose has a higher environmental impact than the use of less of that material (Schmidt-Bleek, 1993) . Moreover, movement or use (use usually requires movement) is an impact criterion that is common to most economic processes (ibid.). A corollary is that moving more material is less environmentally sustainable than moving less material. If the quantities of resource inputs to and waste outputs from an enterprise are known for two points in time, we can infer whether the enterprise is moving in a direction of greater or lesser sustainability. This is so despite our uncertainty over the critical thresholds of global environmental systems. Higher material usage will generally take us closer to those thresholds if we are within them, and further beyond them if we are already beyond, relative to use of less material of the same type for the same purpose. It is for this reason that material flows of resource inputs and waste outputs need to be included as part of sustainability indicator systems at both enterprise, and material flows are included in indicators proposed by GRI (1999), Young and Welford (1999) and for indication at national levels (EEA, 1998).
The main policy implications of the above, for indicating airport environmental sustainability, are as follows:
(1) For aviation (and by extension for other transport and economic sectors), research and associated international agreement is needed to establish emissions quotas and preferably also consumption quotas, or fiscal measures, the values and design of which are designed to bring the human economy within the critical levels of large scale environmental systems. (2) Indicating airport sustainability requires absolute measures of material input and waste output to air, water and land, as well as the same relative to business performance. Waste output means all unwanted emissions to air, water and land. GRI (1999) indicators account for this and are to be recommended. (3) As absolute input and output measures increase in value for an airport, airport sustainability is reduced, assuming no major changes in types of material.
EU and UK policy on airports and sustainability
Despite policy implication (3) above, EU governments show no sign of collectively accepting resource or waste limits for aviation. At the last EU/ECAC dialogue meeting, 3 the Director General for Transport expressed the view that there is a high degree of consensus that business-asusual scenarios for EU aviation are ''approaching their limits'' (Coleman, 1999:118) . Yet, while the Director General (DG) referred to the need to make better use of existing aviation capacity and gain a better understanding of requirements and constraints, he also stated that this ''should not detract attention from the need also to extend available airport capacity'' (ibid.). The DG is concerned to protect both the growth of aviation in the EU, and to optimise use of environmental capacity, which he sees as a more significant constraint than ''physical or financial constraints'' (ibid.).
The essence of the EU approach as signalled above is centrally guided growth designed to maximise the economic benefit and environmental performance of the aviation system as a whole, rather than a reliance on airport-initiated growth. It is a commitment to environmental efficiency, not to zero growth in the environmental impacts of airports. Yet beyond zero growth in impact is almost inevitably less environmentally sustainable than zero impact growth. Acceptance of airport growth is also evident at the national level in the UK, despite policy shifts on road transport. Although the UK Transport White Paper (DETR, 1998) barely mentions aviation, its advocating of demand management for road transport has implications for aviation (Eddowes, 2000) . In particular, demand management stands in stark contrast to the UK's historical predict and provide approach to aviation planning. It suggests that we should ask if there are better ways of achieving sustainable mobility than the typical historical pattern of opportunistic development of former military airfields (ibid.).
Despite this, DETR's conception of demand management in their consultative Appraisal Framework for Airports in the South East (DETR, 2000a) shows no commitment in principle or practice to a redirection of demand to alternative transport modes. Neither is there any reference to the possibility of regional sufficiency. Rather, the consultative document presumes a priori that further development is desirable, and is concerned with establishing an appropriate and explicit method for selecting the optimum distribution and mix of development packages in south east England (ibid.). The decision criteria of the consultative framework include environmental impact indicators, specifically for noise, air quality, CO 2 emissions (quantitative) and townscape, landscape, biodiversity, heritage and watercourses (qualitative) (ibid.). These indicators, however, will be among those used to predict the relative performance of different development options (ibid.), not to assess any increase in absolute impact. In contrast, among the recommendations of the UK Royal Commission on Environmental Pollution on aviation (RCEP, 1994) 4 are those that implicitly and explicitly reflect a view that current trends in aviation growth are unsustainable, and that absolute impact should be reduced:
(1) ''A reduction in the growth and rate of air travel would help considerably towards reducing, or at least stabilising, emissions from aircraft.
It would also reduce the scale of some of the other environmentally damaging effects of air transport, such as noise and the loss of land for airports and surface links.'' (RCEP, 1994, p. 74, para 5.38 should be based on discouraging air travel for domestic and near-European journeys for which rail is competitive, and that the government should support the upgrading of rail links to the main international airports in order to avoid the need for development of air feeder services from regional airports.'' (RCEP, 1994, p. 207, para 12.50 ).
An illustration: growth in waste arising at selected airports
Consistent with EU and UK policy, airports reviewed in the present study have experienced increased activity over at least the last five years (BAA, 1995; Amsterdam Airport Schiphol, 1998; UKCAA ADU, 1999; Zurich Airport Authority, 1999; MA plc, 2000b ). As the above discussion implies, it should be expected that the total environmental impact and hence unsustainability associated with this growth will rise, unless there have been technology changes leading to off-setting environmental efficiency gains across the life cycle of the products and processes associated with airport growth. Figure 2 shows that waste arising at three of the reviewed airports has risen with air passenger numbers, and illustrates the general correlative trend in the relationship of environmental impact to economic activity under relatively constant technological conditions. 5 Most pertinently, it illustrates the disjunction between policy aspirations to sustainability and increasing impact as indicated by waste arising. Notably, the waste and passenger data used for Figure 2 show far more constant trends in waste expressed per passenger over the same period (Figure 3) .
The contrast between the correlative trends between airport activity and waste evident in Figure 2, and the relatively stable trends in Figure 3 illustrates the very different messages that absolute and relative indicators can convey, and confirms the need for absolute input and output indicators in sustainability reporting. Waste arising is a fundamental impact precursor and hence environmental impact indicator. However additional waste is managed-and different forms of management will have different types and levels of impact-it is almost inevitable that the impacts of the waste and its management will be greater than if the additional waste did not exist and did not need to be managed. For this not to be so, the life cycles of the waste production and management processes would need to be environmentally regenerative of surfaces degraded by human activity. While use of biomass-based materials and solar-fuelled processes, when located on degraded surfaces, could shift aviation or any other economic process towards such a regenerative state (Upham, 1999) , these conditions are not yet significantly involved in prevailing waste production and management. Tables 1-5 show that in terms of environmental management, major EU airports with English language environmental reports are primarily concerned with managing waste outputs to meet mandatory thresholds associated with local noise levels, air quality and surface water quality. Although reducing the quantities of resource inputs and waste outputs are a concern to airports, they tend to apply limits to these only to meet relevant statutory requirements relating to ambient environmental quality. Inputs for infrastructure construction are not deliberately limited for reasons of environmental impact, and waste outputs are limited only where statutory obligations apply. In this regard, and in common with other major businesses, airport environmental management practice contrasts starkly with the approach to sustainability set out above.
Environmental management at EU airports
Most of the items in Tables 1-5 are self explanatory, but not all. In the Noise Summary column of Table 1 , the 60 L Aeq contour referred to joins modelled points where the day time average noise exposure is 60 dB, with the calculation involving an ''A'' weighting that accounts for the differential perception of high and low frequencies by the human ear. Preferred Noise Routes are flight paths followed by aircraft when taking off and landing, so as to minimise noise exposure on the ground. Third party risk relates to the probability of a fatal accident to a person permanently resident in the vicinity of the airport. Ale and Piers (2000) discuss its calculation in some detail. In Table 3 , Chapter 2 aircraft are those to which Chapter 2 of Annex 16, Volume 1, of the Chicago Convention on International Civil Aviation apply (ICAO, 1993) . The chapter sets out noise standards that were designed for older, noisier jet aircraft that are now being phased out of use or fitted with modified engines in order to meet Chapter 3 requirements. Chapter 3 of the Annex contains tighter noise standards designed to be met by newer, quieter aircraft. In Table 5 , Continuous Descent Approach (CDA) is a flight technique that may be used in the initial approach phase to landing, between 6000 ft and interception of the glideslope (final approach trajectory) (DETR, 2000b) . The purpose of CDA is to reduce the noise exposure on the ground, both by reducing the overall thrust required during the initial descent and by keeping the aircraft higher for longer (ibid.).
Airport environmental reports are typically organised in terms of environmental theme. Again in contrast, Tables 1-5 classify environmental management at the reviewed airports in ways that account for the theoretical considerations discussed above. That is, for the involvement of thresholds or limits in sustainability, and for the way in which inputs and outputs entail environmental impact, increases in which usually move an organisation away from sustainability. Tables 1-5 use an environmental reporting framework with the major classifications Inputs, Outputs, and Impacts or Effects, plus sub-categories of environmental theme as often used in corporate environmental reporting. This is preferable to simply theme-based reporting in that it reflects and requires monitoring through the sequence of impact causality. The impact of construction and engineering undertaken on-site would be more comprehensively (and hence accurately) indicated and reported in the framework used here.
Information for Tables 1-5 is drawn from documents published by the airports themselves, these being environmental reports for the non-UK airports, environmental plus sustainability reports for Heathrow, and environmental reports supplemented by other published reports for the case study airport (Manchester). The environmental management information collated in the figures is that which airports themselves consider most environmentally significant. Although Gordon (1994); MA plc (1997a); MA plc (1997b) and MA plc (1999) . self-declared information may to some extent represent a more positive impression of the airports than might independently-gathered information, this is not particularly problematic in this context. The airports are shown to still be moving-in all likelihood and evidenced for waste-in an environmentally unsustainable direction. Table 1 summarises and re-organises the range of environmental, social and economic issues that Manchester Airport identifies as significant for itself. Some of these, particularly noise and land use prohibitions, are the outcome of a public inquiry relating to proposals for a second runway (now under construction). In Table 1 , the meeting the National Air Quality Standards (NAQS) will not be the direct responsibility of the airport; the local (municipal) authority will have the responsibility for ensuring that NAQS limits are not breached in its area. Growth in local emissions from airport surface access traffic would take the ambient air quality closer to the threshold levels. Surface water quality consents are set in negotiation with the UK Environment Agency. Extensive site engineering and associated resource consumption is being undertaken to manage water run-off from the new runway. Third party risk is reduced to theoretically acceptable levels (DETR, 1997) by modelling the probable impact area of hypothetical flight failures, and preventing (and where necessary removing) development in areas where the risk of death exceeds 1 in 10 5 per year (ibid.). Table 2 lists some of the ways in which Manchester Airport seeks to reduce but not limit its resource inputs and waste outputs. Again, details in its environment report have been re-classified as input or output, to make the environmental significance of both explicit. Listing in this form, rather than as descriptive themes, also makes obvious the scarcity of quantitative data in the airport's environmental report, which in turn prevents year-on-year and inter airport comparisons. Table 3 lists means by which Manchester Airport seeks to mitigate-but, again, not limit-its local impacts. Tables 4 and 5 repeat this for selected European airports, excluding actions already documented for Manchester Airport. All of the reviewed airports show evidence of proactive environmental management practice, but-and this is the main point of the paper-this does not mean that they are becoming more environmentally sustainable. Theoretically, it has been shown that this is almost impossible while they are growing, and empirically, their waste has been shown to be rising broadly correlative to their growth.
In common with other major business, sustainability provides some of the larger UK airports with an organising and presentational concept for a wide range of (often pre-existing) issues. Hence Manchester Airport views its principal business purpose as to use its own growth to bring sustainable economic, financial and social benefit to its region (MA plc, 2000b) . It views sustainability as a matter of balancing the social and economic benefits of the airport with its social and environmental costs (ibid.), but without any protocol for this balancing, the potential for rhetoric is high. BAA (1999b) also produces a ''sustainability report'', which emphasises the importance of the views of local people to the airport's ability to continue and grow (ibid.). What airports have emphatically not interpreted sustainability as providing is a reason for working within consumption and waste limits.
Conclusion
When the European Commission, UK Government and airports refer to sustainability as an intended attribute for transport, this should not be taken to mean a realised commitment to environmental impact reduction. In an airports context, sustainability has been interpreted by some UK airports as meaning only a consideration of environmental and social impacts alongside environmental and financial performance. For the reviewed airports as a whole, there is no evidence of a reduction in total environmental impact or a commitment to general consumption or waste limits, but rather of extensive mitigation aimed at regulatory compliance for selected local environmental quality standards, environmental efficiency and cost reduction.
